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NOVEL TREATMENT 

The present invention relates to a novel treatment of CNS disorders, in particular the 
treatment of depression. 

5 

Compounds which act as 5HT2B antagonists are known in the art, e.g. WO 95/01976 . 

It is now believed that treatments selectively increasing 5-HT2B receptor function, such 
as administration of 5-HT2B receptor agonists or positive allosteric modulators of the 5- 

1 0 HT2B receptor (i.e. potentiators acting at modulating sites), would mimick the mode of 
action of selective serotonin (5-HT) reuptake inhibitors (SSRIs) and be an effective 
treatment for depression, Panic disorder, obsessive compulsive disorder, migraine, 
bulimia, premenstrual tension, social phobia, addictions to drugs of abuse, behavioural 
disturbances associated with dementia, atypical depression, chronic fatigue syndrome and 

1 5 the negative symptoms of schizophrenia. 

In a first aspect the present invention therefore provides the use of a 5HT2B agonist for 
the treatment of the above disorders, in particular depression. 

20 Chronic, but not acute administration of SSRIs, such as paroxetine, are widely reported to 
be clinically effective antidepressants (Boyer and Feighner, 1992; Lane et al., 1995). 
Anxiety is a significant component of depression with as many as two thirds of patients 
with depressive disorders also experiencing anxiety symptoms (Liebowitz et al., 1993). 
Epidemiological studies suggest that the co-morbidity of anxiety and depressive disorders 

25 is associated with increased severity and chronicity of the condition (Angst and Dohla- 
Mikola, 1985; Stravrakaki and Vargo, 1986), a reduced responsiveness to therapy and 
poorer outcome (Murphy et al, 1990). Although benzodiazepine anxiolytics are not 
effective in the treatment of depression (Widlocher et al., 1983), it is well documented 
that the SSRIs and other antidepressants are equally effective in treating both the anxiety 

30 and depressive symptomologies associated with depressive illness (Nutt et al., 1 995; 
Sheehan et al., 1992; Lane et al., 1995). It is also apparent that the onset of therapeutic 
efficacy of the SSRIs in treating both anxiety and depressive symptomologies associated 
with depression follows the same time course, with a delayed onset (Nutt et al., 1995; 
Cohn and Wilcox, 1992). It is therefore likely that the mode of action of SSRIs in the 

35 treatment of both symptom groups is the same. 
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The precise mode of action of SSRIs, however, is uncertain. Whilst it is clear that they 
prevent the neuronal reuptake of released 5-hydroxytryptamine (5-HT) and hence might 
be expected to potentiate the actions of this neurotransmitter, studies have concluded that, 
acutely, SSRIs only modestly increase extraneuronal 5-HT levels at nerve terminals (Bel 
5 and Artigas, 1992; Invernizzi et al., 1994). In contrast, chronic administration of SSRIs 
may lead to more substantial increases of extraneuronal 5-HT at 5-HT nerve terminals 
(Bel and Artigas, 1993; Invernizzi et al., 1994). The difference between the effects of 
acute and chronic SSRI administration is presumed to be due to the onset of adaptive 
mechanisms, one of which may be the desensitization of 5-HT cell body autoreceptors 

10 (Jones 1994). Thus, the antidepressant effects of chronic SSRI administration are thought 
to be mediated through enhanced extraneuronal 5-HT levels. If this hypothesis is correct, 
then the therapeutic effects of SSRIs would be expected to be mediated by the activation 
of postsynaptic 5-HT receptors. The identification of the receptor, or receptors, involved 
is currently unknown and is complicated by the complexity of 5-HT receptor 

15 pharmacology. To date, at least 14 5-HT receptor subtypes have been recognised. These 
have been classified on the basis of structural, pharmacological and functional similarities 
into subgroups termed 5-HTi A , 5-HT 1B , 5-HT 1D , 5-HT 1E , 5-HT 1F , 5-HT 2A > 5-HT 2 B, 
5-HT 2 C> 5-HT 3 , 5-HT4, 5-HT 5A , 5-HT 5B , 5-HT 6 and 5-HT 7 (Hoyer et al., 1994). 

20 Until recently, there have been no drugs which discriminated between the 5-HT2 receptor 
subtypes. 6-Chloro-5-methyl-l-(5-quinolylcarbamoyl) indoline (Compound 1) (Example 
24 WO 95/01976) therefore represents a compound of some interest. Compound 1 was 
found to potently antagonise 5-HT-induced contractions of the rat stomach fundus (pA2 
9.8, table 1, example 1), a model of 5-HT2B receptor function (Baxter et al, 1994, Kursar 

25 et al., 1992; Foquet et al., 1992) and thus acts as a high affinity 5-HT 2 b receptor 

antagonist. In receptor binding assays, the affinity (pKj) of Compound 1 for the human 
cloned 5-HT2C receptor was found to be 7.7 and was less for all the other binding sites at 
which it was tested including the 5-HT2A site (table 1, example 2). Thus, Compound 1 
appears to have at least 100 fold selectivity for the 5-HT 2 b receptor. Compound 1 (0.1 

30 and 0.3 mg/kg p.o. 1 h pre-test) antagonised the anxiolytic-like effect of the 5-HT 2B 

receptor agonist, BW 723C86 (l-[5-thienylmethoxy-lH-3-indolyl]propan-2-amine) in the 
social interaction test (data not shown) , a model of 5-HT2B receptor function (Kennett et 
al., 1996, Duxon et al., 1997), thus demonstrating that the compound is bioavailable and 
brain penetrant. 

35 

The possibility that the therapeutic effects of paroxetine and thus other SSRIs is mediated 
by the stimulation of 5-HT 2 b receptors has been investigated in a rat social interaction 
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and Vogel conflict tests. In the social interaction test (see example 3 for details), pairs of 
like-treated rats are placed in a brightly lit arena with which they are unfamiliar. The 
aversive nature of the conditions suppresses the amount of time the rats spend in social 
interaction. Anxiolytic treatments are expected to disinhibit behaviour and increase time 
5 spent in social interaction. The test has been validated pharmacologically, 

physiologically and behaviourally (File, 1984). In the Vogel conflict test (see example 3 
for details), thirsty rats are trained to drink from a water spout. On the test day, drinking 
may result in the delivery of an electric shock through the drinking spout. This 
suppresses drinking behaviour which is also expected to be disinhibited by anxiolytic 
1 0 treatments (Vogel et al, 1971). In both of these procedures, chronic, but not acute, 

paroxetine was found to produce anxiolytic-like effects and an optimal dose or 3 mg/kg 
p.o. x 21 days, last dose 1 h pre-test was identified (for social interaction test data see 
Lightowler et al., 1994). The effect of 5-HT2B receptor antagonists on these two 
psychotropic effects of chronic paroxetine were therefore tested. 

15 

In the rat social interaction test, chronic paroxetine increased time spent in social 
interaction (fig 1) without affecting locomotion (data not shown). Thus, the action of 
chronic paroxetine is consistent with the compound exerting anxiolytic-like properties in 
this test (File and Hyde, 1978; File, 1984). In the rat Vogel conflict test, chronic 
20 paroxetine increased the number of shocks accepted (table 2), demonstrating that chronic 
paroxetine has an anxiolytic-like profile in a second model of anxiety (Vogel et al., 1971). 
These effects of chronic paroxetine thus mirror the therapeutic efficacy of the drug in 
affective disorders, particularly as in both models acute paroxetine was found to be 
ineffective (Lightowler et al, 1994 and unpublished data). 

25 

The anxiolytic-like effects of chronic paroxetine in the rat social interaction test were 
antagonised by the selective 5-HT2B receptor antagonist, Compound 1 (0.1 and 0.3 
mg/kg p.o., fig 1), although at the doses used, Compound 1 did not alter the amount of 
time spent in social interaction when given alone. The action of the compound is 

30 therefore unlikely to be secondary to a non-selective effect in the test. Results in the rat 
Vogel test were similar. The selective 5-HT2B receptor antagonist Compound 1 blocked 
the anxiolytic-like effect of chronic paroxetine, yet had no effect when given alone in the 
test (Table 2). The results therefore imply that the effects of chronic paroxetine in both 
tests is mediated through the activation of 5-HT2B receptors. If so, then the anxiolytic 

35 effects of paroxetine in man are also likely to be 5-HT2B receptor mediated. Since the 
antidepressant and anxiolytic actions of paroxetine and other SSRIs coincide in terms of 
dose regimen and onset of action (Nutt et al., 1995; Cohn and Wilcox, 1992), it is likely 
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that they are both mediated by the same mechanism as argued above in page 1, lines 20- 
37. Furthermore, if the present studies have indeed identified the mechanism of 
paroxetine and hence other SSRIs, it is likely to account for the efficacy of this class of 
compounds in other mental disorders such as obsessive compulsive disorder, migraine, 
5 bulimia, premenstrual dysphoria, social phobia, Panic disorder, addictions to drugs of 
abuse, behavioural disturbances associated with dementia, atypical depression, chronic 
fatigue syndrome and the negative symptoms of schizophrenia (Schneier et al., 1990; 
Boyer, 1992; Kennett, 1993; Lane, 1994). 

10 It is therefore claimed that treatments which enhance 5-HT2B receptor function such as 5- 
HT2B receptor agonists or positive allosteric modulators of the 5-HT2B receptor would 
mimic the mode of action of SSRIs and be an effective treatment for depression, 
obsessive compulsive disorder, Panic disorder, migraine, bulimia, premenstrual tension, 
social phobia, addictions to drugs of abuse, behavioural disturbances associated with 

15 dementia, atypical depression, chronic fatigue syndrome and the negative symptoms of 
schizophrenia. 

Treatments which enhance 5-HT2B receptor function such as 5-HT2B agonists or 
positive allosteric modulators, are expected to be of use in the treatment of the CNS 
20 disorders mentioned above, in particular depression. In another aspect the invention 
provides the use of a 5-HT2B agonist or a positive allosteric modulator or a 
pharmaceutical^ acceptable salt or solvate thereof for the manufacture of a medicament 
for the treatment of the aforementioned disorders. 

25 In a further aspect the invention provides a method of treating the aforementioned 

disorders which comprises administering an effective amount to a patient in need of such 
treatment of a compound of a 5HT2B agonist or a positive allosteric modulator or a 
pharmaceutically acceptable salt or solvate thereof. 

30 A pharmaceutical composition based on the invention may be prepared by admixture, 
suitably at ambient temperature and atmospheric pressure, is usually adapted for oral, 
parenteral or rectal administration and, as such, may be in the form of tablets, capsules, 
oral liquid preparations, powders, granules, lozenges, reconstitutable powders, injectable 
or infusible solutions or suspensions or suppositories. Orally administrable compositions 

35 are generally preferred. 

Tablets and capsules for oral administration may be in unit dose form, and may contain 
conventional excipients, such as binding agents, fillers, tabletting lubricants, disintegrants 
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and acceptable wetting agents. The tablets may be coated according to methods well 
known in normal pharmaceutical practice. 

Oral liquid preparations may be in the form of, for example, aqueous or oily suspension, 
solutions, emulsions, syrups or elixirs, or may be in the form of a dry product for 
reconstitution with water or other suitable vehicle before use. Such liquid preparations 
may contain conventional additives such as suspending agents, emulsifying agents, 
non-aqueous vehicles (which may include edible oils), preservatives, and, if desired, 
conventional flavourings or colorants. 

For parenteral administration, fluid unit dosage forms are prepared utilising a compound 
of the invention or pharmaceutically acceptable salt thereof and a sterile vehicle. The 
compound, depending on the vehicle and concentration used, can be either suspended or 
dissolved in the vehicle. In preparing solutions, the compound can be dissolved for 
injection and filter sterilised before filling into a suitable vial or ampoule and sealing. 
Advantageously, adjuvants such as a local anaesthetic, preservatives and buffering agents 
are dissolved in the vehicle. To enhance the stability, the composition can be frozen after 
filling into the vial and the water removed under vacuum. Parenteral suspensions are 
prepared in substantially the same manner, except that the compound is suspended in the 
vehicle instead of being dissolved, and sterilisation cannot be accomplished by filtration. 
The compound can be sterilised by exposure to ethylene oxide before suspension in a 
sterile vehicle. Advantageously, a surfactant or wetting agent is included in the 
composition to facilitate uniform distribution of the compound. 
The composition may contain from 0.1% to 99% by weight, preferably from 10 to 60% 
by weight, of the active material, depending on the method of administration. 

The dose of the compound used in the treatment of the aforementioned disorders will vary 
in the usual way with the seriousness of the disorders, the weight of the sufferer, and 
other similar factors. However, as a general guide suitable unit doses may be 0.05 to 
1000 mg, more suitably 1.0 to 200 mg, and such unit doses may be administered more 
than once a day, for example two or three a day. Such therapy may extend for a number 
of weeks or months. 

The following examples and data illustrate the invention. 



Materials 
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Compound 1 refers to 6-chloro-5 -methyl- 1 -(5 -quinolylcarbamoyl) indoline which was 
synthesised according to the procedure of WO 95/01976 (Example 24). 

5 For in vivo studies, paroxetine HC1 and Compound 1 were given orally as suspensions 
after grinding (using a mortar and pestle) into a 1% methyl celluose solution in 0.9% 
NaCl containing a drop of BRIJ 35 (Sigma Chemical Co.). Injection volumes of 2 ml/kg 
were used in all treatments. In the social interaction test, drug and vehicle also contained 
10 mg/ml BaS04 t0 mask the presence of drug and were independently coded prior to 
10 experiments to establish blind conditions. Oral dosing took place 1 h before testing. 

Example 1: Rat Stomach fundus assay. 

1 5 Rats stomach fundi were excised and set up as described by Baxter et al., ( 1 994). Briefly, 
two strips of longitudinal muscle were obtained from each stomach fundus and following 
removal of the mucosa were suspended under an initial resting tension of 1 g in 
oxygenated (95% 0 2 /5% C0 2 ) Tyrodes solution at 37 °C. Experiments were conducted 
in the presence of indomethacin (3 |iM), after tissues had been exposed to pargyline (100 

20 nM for 15 min). Two concentration-effect curves to 5-HT were constructed from each 
strip in the absence and presence of Compound 1. Time control curves to 5-HT at a 1 h 
interval were carried out in the same way without adding Compound 1 . The pA 2 of 
Compound 1 versus 5-HT in the rat stomach fundus was calculated using Schild 
regression analysis, plotting logio molar antagonist concentration against -logio of the 

25 concentration ratios (CR-1) determined in individual experiments as detailed in Baxter et 
al., (1994). 

Example 2: Binding assays 

30 In all assays (for details see below), Compound 1 was dissolved in polyethylene 

glycokdimethyl sulphoxide (1:1) at 10 mM and diluted to O.lmM using 5mM Tris buffer 
(pH 7.7 @ 25°C). Dissolution was assisted where necessary by addition of 0.02 ml 5 M 
HC1 plus heating to 40°C and sonication for 10 minutes. Oxidation of 5HT was 
attenuated by the inclusion of lOmM ascorbate in the buffer. Serial dilutions of 

35 Compound 1 in the same buffer were carried out using either a TECAN 5052 or Biomek 
2000 Workstation. 
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0.05 ml of diluted Compound 1 were mixed with 0.05 ml of radioligand, prepared in the 
incubation buffer and 0.4 ml of the homogenate of washed membranes, also in the 
working buffer. In dopamine bimding assays 0. 1% (w/v) bovine serum albumen was 
included in the incubation buffer. 

5 

After incubation at 37°C, samples were filtered using either a TOMTEC harvester in 
Wallac Betaplate format or a Packard Filtermate in Packard TopCount format. Filters 
were washed with 4 x 1ml aliquots of ice-cold incubation buffer. Filters were dried and 
either impregnated with Meltilex solid scintillant (Betaplate) or 0.04ml of Microscint 20 
1 0 (Packard) and counted for radioactivity. 

Data from receptor binding studies were analysed using the four parameter-logistic 
function (Bowen and Jerman, 1995) to determine the IC50 (concentration of test 
compound that inhibits specific binding or maximal response to 5-HT by 50%) or EC50 
1 5 (concentration producing 50% of maximal response). The IC50 was then corrected to 
inhibitory affinity constant (K{) according to Cheng and Prussof (1973) and expressed as 
the negative log 1( ) Kj (pKj). 
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Incubation buffers were; 1) 50mM Trizma (Sigma, UK) pH 7.7 @ 25°C. 2) 50mM 
Trizma (Sigma, UK) pH 7.7 @ 25°C, 5mM MgCl 2 , 500nM Pargyline, lOmM Ascorbate. 
3) 50mM Trizma (Sigma, UK) pH 7.7 @ 25°C, 120mM NaCl, 5mM KCI, 2mM CaCl 2 , 
5 ImM MgCl 2 . 4) 20mM HEPES lOmM MgS04. Method references were; a, Hamblin 
and Metcalf (1991); b, Heuring and Peroutka (1987); c, Adham et al., (1993); d, Wood et 
ai., (1995); f, Sokoloff et al, (1992); g, Gozlan et al., 1983; h, Testa et al., (1993); i, 
Brown et al., (1993); k, To et al., (1995); I, Bowen et al., (1993); m, Monsma et al, 
(1992). 

10 

Example 3 

Male Sprague Dawley (CD) rats (220-250 g) were housed in groups of six under a 12 h 
light/dark cycle (lights on 07.00 h) with free access to food (CRMX, special Diet 
1 5 Services) and water. 

Social Interaction 

Rats were orally dosed with paroxetine 3 mg/kg or vehicle daily for 21 days, last dose 1 h 
20 pre-test. They were housed singly in a room adjacent to the testing room on day 17. On 
day 21, they were dosed p.o. 1 h before the test with antagonists or vehicle with or 
without paroxetine in treatment and weight ( ± 5 g) matched pairs unfamiliar to each 
other and returned to their home cages. Rats were then placed in a white perspex test box 
(54 x 37 x 26 cm) for 15 min under bright white light (1 50 lux) in an adjacent darkened 
25 room containing a fan to generate white noise. Active social interaction (sniffing, 

following, grooming, biting, boxing and crawling over or under) was scored by a "blind" 
observer by remote video monitoring and a computerised score pad. At the end of each 
test the box was thoroughly wiped with moistened tissue paper (for details see Kennett et 
al., 1994). 

30 

Vogel conflict test 

Rats were orally dosed with paroxetine 3 mg/kg p.o. or vehicle daily x 21 days, last dose 
1 h pre-test. On day 1 9 they were water deprived for 20 h prior to being placed in a 
35 uniformly lit operant conditioning chamber (45 x 25 x 25 cm) with a well (2.5 x 2.5 x 2.5 
cm) set into one side of the cage 4 cm from the floor into which a water bottle spout 
protruded. A photocell beam traversed the well at a point just above the water spout, such 
that any animal drinking from the spout would break the beam. Rats were allowed to 
explore the chamber freely and drink for 3 min, timed after 30 seconds of continuous 
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drinking had been recorded via the photocell and a linked computer. The rat was then 
returned to the home cage, allowed access to water for 4 h and then water deprived again 
for 20 h. After 19 h water deprivation, rats were orally dosed with antagonists or vehicle 
with or without paroxetine and 1 h later placed in the test chamber. After 30 seconds of 
5 continuous drinking, each subsequent 5 seconds of cumulative drinking was punished by 
an electric shock (0.25 mA for 0.2 seconds) delivered through the water bottle spout and 
the latency to drink and the number of shocks accepted over 3 min was recorded. 

Table 1: receptor affinity profile of Compound 1 

10 



Receptor 


pKi (*pA 7 ) 


Receptor 


pKj 










5-HT2B 


9.8* 


Dopamine D2 


5.6 


5-HT2A 


6.8 


Dopamine D3 


5.6 


5-HT2C 


7.7 






5-HTia 


6.3 






5-HTib 


6.8 






5-HTid 


6.8 






5-HTlE 


5.0 1 






5-HTif 


5.1 






5-HT4 


5.5 






5-HT 6 


6.0 






5-HT7 


5.8 







All points are means derived from at least 2 independent determinations, methodology as 
described in examples 1 and 2. 
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Table 2: Effect of acute Compound I and chronic paroxetine on the number of shocks 
accepted in a rat Vogel conflict test. 



Pretreatment (p.o. daily x 
21 days last dose 1 h pre- 
test) 


Treatment (p.o. 1 h pre- 
test) 


Number of shocks 
accepted 








Vehicle 


Vehicle 


5.1 ±0.7 


Vehicle 


Compound 1 3 mg/kg 


6.7 ±1.1 


Paroxetine 3 mg/kg 


Vehicle 


10.0 ±1.3** 


Paroxetine 3 mg/kg 


Compound 1 3 mg/kg 


5.1 ±0.7# 



All data cited as means ± s.e.m., n=9-15. Significantly different from vehicle + vehicle 
5 treated rats ** p<0.01 , from paroxetine + vehicle treated rats # p<0.05 by Newman-Keuls 
test and 2-way ANOVA. For method see example 3. 

Fig 1 : The effect of chronic paroxetine and acute Compound 1 on rat behaviour in a 
social interaction test. 



** 




Sal+ Sal+ Sal+ Par 3 + Par3 + Par3 + 
Veh SBO.l SB 0.3 Veh SB 0.1 SB 0.3 
1 0 Treatment mg/kg p.o. x21 days (top) or 1 h pretest (bottom). 

'SB' refers to Compound 1. 

All data cited as means ± s.e.m., n=10 per group. Significantly different from vehicle + 
vehicle treated group ** p<0.01, from paroxetine + vehicle treated group ## p<0.01, by 
1 5 Newman-Keuls test and 2-way ANOVA. for method see example 3. 
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Data analysis and statistics 

Social interaction and Vogel conflict test data were analysed by 2-way ANOVA and 
Newman-Keuls post hoc multiple comparisons procedure. All data are cited as the mean 
5 ± s.e.m. unless otherwise indicated. 
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CLAIMS: 

1 . The use of treatments enhancing 5-HT2B receptor function such as a 5-HT2B 
agonist or positive allosteric modulator for the treatment of depression, obsessive 
compulsive disorder, panic disorder, migraine, bulimia, premenstrual tension, social 
phobia, addictions to drugs of abuse, behavioural disturbances associated with dementia, 
atypical depression, chronic fatigue syndrome and/or the negative symptoms of 
schizophrenia. 

2. The use of a 5-HT2B agonist for the treatment of depression, obsessive compulsive 
disorder, panic disorder, migraine, bulimia, premenstrual tension, social phobia, 
addictions to drugs of abuse, behavioural disturbances associated with dementia, atypical 
depression, chronic fatigue syndrome and/or the negative symptoms of schizophrenia. 

3. The use of a 5-HT2B agonist or a positive allosteric modulator or a 
pharmaceutically acceptable salt or solvate thereof for the manufacture of a medicament 
for the treatment of depression. 

4. A method of treating depression which comprises administering an effective amount 
to a patient in need of such treatment of a compound of a 5HT2B agonist or a positive 
allosteric modulator or a pharmaceutically acceptable salt or solvate thereof. 

5. A use according to any one of claims 1 to 3 in which the 5HT2B agonist is l-[5- 
thieny Imethoxy- 1 H-3-indolyl]propan-2-amine. 
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